Two transposon insertion mutants of Myxococcus xanthus altered in the secretion of protein as determined by the hydrolytic activities of several enzymes during vegetative growth were also unable to complete fruiting body formation and were severely impaired in sporulation. The insertions were located in the same part of the M. xanthus chromosome but were unlinked by transduction and therefore define two distinct loci, called exc4 and excB. Since both Exc' mutants were able to rescue development of an asgB mutation, they do not belong to the Asg-group, despite of the fact that asg mutants are also Exc'. Our results sustain the hypothesis of a possible relationship between protein secretion during vegetative growth and development or sporulation.
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Myxococcus xanthus, like other myxobacteria, secretes numerous proteins into the extracellular environment during exponential growth. It would be useful to have M. xanthus mutants blocked in protein secretion (34) . Such mutants have been isolated in Pseudomonas aeruginosa (Out- [14] ) and Erwinia chrysanthemi (Exc- [1] (6) and that is also produced during development (35) was found, and an endoglucanase activity that hydrolyzes car-* Corresponding author. boxymethylcellulose and has not previously been described in M. xanthus was discovered. The secretion kinetics of these two activities and of total proteolytic (caseinolytic) (11) activity during the growth of M. xanthus wild-type CM207 (Table 1) show that they are all produced throughout growth, but that the activity per cell decreases during exponential growth and reaches a steady state only during the stationary phase (data not shown). These results require that the comparisons of strains be done at the same culture densities, preferably at the end of the exponential growth phase.
We studied the production of these extracellular enzymatic activities in Tn5 insertion mutants f1031 and f1040 (Table 1) . Strain CM040 was isolated from a collection of TnStac-1 (10) insertions obtained by using pME305:: TnStac-l as a vector (31) . Table 2 30 'C in CTT medium (4) . Extracellular proteolytic (i.e., caseinolytic) activity was determined according to Millet (31) , with 1% (wt/vol) azocasein in 0.1 M Tris buffer (pH 9.6) (1 ml) at 37°C and 1 ml of the supernatant of centrifuged growth medium with the appropriate dilution. One unit of activity (UA) was defined as the amount of enzyme which hydrolyzes 1 mg of azocasein in 30 min at 37°C. Mcp activity was estimated by determination of the time required for 300 pi of culture supernatant to induce the clotting of 700 pl of purified K-casein (5 mg/ml in 0.1 M phosphate buffer [pH 6]) at 56°C. The units of activity were determined as described previously (12) conditions ( Fig. 1 ). They were blocked early in development (before the aggregation phase), and spore production was impaired in both mutants, although CM081 was affected much less than CM085. In conditions of submerged culture development, Mcp was produced only very late by strain CM085, whereas its production was greatly decreased in strain CM081 compared with that in strain DK1622 (Fig. 2) .
Protein secretion during vegetative growth in developmental mutants. Kuspa and Kaiser (24) suggested that asg mutants might be secretory mutants, and a decrease in Mcp production during submerged culture development conditions in asg and bsg mutants has been demonstrated previously (35) . This prompted us to assay protein secretion during vegetative growth by all the types of developmental mutants studied so far (asg, bsg, csg, and dsg). Table 3 shows that only Asg-strains displayed an Exc+ phenotype according to the criteria defined above. Mutations in asgA and asgB genes had a secretion behavior phenotype similar to that of CM085 whereas the asgC mutant was less impaired in the production of all activities. La Rossa et al. (27) have previously assayed proteolytic activities, by plate assay, of developmental mutants, and our results are consistent with their results.
Overall production of extracellular proteins by Exc' strains of M. xanthus. Electrophoretic analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (26) of filtered supernatants from exponentially growing cultures (OD580 of 2% ± 10%) showed a large decrease for most extracellular proteins in all Exc+ strains (Fig. 3) . Some individual electrophoretic profiles suggested changes in protein composition of the culture supernatant, especially in the asgB mutant.
Genetic analysis of insertion mutations Q031 and 0040. We determined the location of Q1031 and £1040 on the physical map of the DK101 chromosome. DNA from strains CM031 and CM040 was prepared, digested by AseI or SpeI restriction enzymes, subjected to contour-clamped homogeneous field electrophoresis, and transferred to nylon, as described by Chen et al. (8) . Hybridization with a digoxigenin-labeled pBR322::TnStacl probe showed that both insertions are located inAseI fragment F, according to the nomenclature of Chen et al. (7) . We took advantage of the fact that TnS (present in CM031) confers bleomycin-phleomycin resistance (Blr) (30) proteins is simultaneously impaired in M. xanthus. In contrast to the mutants of other gram-negative bacteria in which the secretion of proteins is blocked, no accumulation of the extracellular proteins has been observed in the periplasm of these mutants (34 Table 2 , footnote a. A, CM085; *, CM081, E, DK1622 (wild type).
More than 98% of the Bly recombinants were able to hybridize with the probe and thus still harbor transposon TnStac-1. This means that there is less than 2% linkage between fk031 and fi040. We have named the corresponding loci excA and exeB, respectively. Extracellular complementation analysis. Because of the similarity in the phenotypes of exc and asg mutants, we checked whether the exc mutants are a new class of asg mutants. Strain DK4587 is an asgB mutant that carries an A factor-dependent TnSlacZ fusion (f4521) (25) . When the A factor produced by the wild-type strain or by other classes of developmental mutants is provided to DK4587 cells in conditions of submerged culture development in the presence of the 0-galactosidase chromogenic substrate 5-bromo-4-chloro-3-indolyl-3-D-galactopyranoside (X-Gal), blue fruiting bodies are observed. This was the case when DK4587 cells were cocultured in these conditions with CM085 or CM081, (although here again the complementation was more efficient with CM081 in terms of the number of fruiting bodies). This demonstrates that excA and excB mutant cells produce A factor and therefore are not asg mutants (24) . In addition, sporulation of mutant CM085 was not restored by cocultivation with DK1622, indicating that this mutant is not deprived of an extracellular factor necessary for completion of the development cycle. The same experiment was not done with CM081, because of the higher rate of sporulation of the mutant strain itself.
Conclusions. Exc+ mutants mapping at five different loci, excA, excB, asgA, asgB, and asgC, are the only mutants obtained so far in which the secretion of several extracellular The transfer of excA and excB transposon insertion (responsible for two Exc+ mutations) into the DK1622 background conserved the Exc+ phenotype. In addition, both mutations conferred several other phenotypic traits: a tan color, the inability to form fruiting bodies, and the decrease in Mcp production during submerged culture development conditions. These traits are also found in asg developmental mutants and, with the exception of the tan color, in bsg mutants (16, 24, 35) . However, only asg mutants are Exc+ according to our criteria, although bsg and dsg mutants are slightly affected in the extracellular proteolytic activity produced during vegetative growth.
The excA and excB loci are unlinked but lie in the same general region of the M. xanthus genome. This location differs from those of asgA, asgB, and asgC and all other sporulation genes but is in the same AseI fragment as are cglC and cglF2 (7), two genes whose products are thought to be involved in cell-to-cell signalling and important for the A factor motility of M. xanthus (21, 22) . However, strains CM031 and CM040, containing the sglAl mutation of DK101, are still motile, which would not be the case if the Exc+ mutations were in an A motility gene. Both mutants also rescue sporulation and A-factor-dependent expression of TnSlac fusion (04521) in an asgB mutant. This demonstrates that these mutants produced the A factor and are blocked at other steps of development.
All the results strongly suggest a relationship between development and protein secretion. Three hypotheses may be put forth. (i) Impairment of protein secretion may block development because of the lack of production of extracellular signals. This might be relevant for asg mutants but does not seem to be the case for exc mutants. (ii) A signal transduction system, possibly analogous to that of Bacillus subtilis spoA and degUS genes, regulates production of most extracellular degradative enzymes and early differentiation events (17, 32) . The fact that Exc' mutations impair export and secretion of a foreign protein expressed in M. xanthus under the control of a constitutive promoter (2) is the only argument thus far against the hypothesis of the existence of a similar regulatory system in M. xanthus. (iii) exc, and perhaps asg genes, might code for components, or regulatory proteins of the secretory (or export) machinery in M. xanthus, that are involved in different steps of sporulation, development, and phase variation. These hypotheses emphasize the importance of unravelling the secretion mechanism in this species.
